problems as water erosion [8] , groundwater depletion [9] , desertification [10] , and soil salinization [11] [12] , and the specific ecological processes include bio-production [13] , the water cycle [14] , and the carbon cycle [15] . Field and analog observations and scenario analysis have been used for evaluating the sensitivity of an ecosystem to environmental change and human activity [16] .
Different ecosystems and their processes create and maintain a regional life support system that provides the necessary conditions for the survival and development of human beings [17] [18] . In the middle and lower reaches of the Manas River basin (MRB), soil salinization is a sensitive ecological mechanism and an effective measure of regional problems related to the ecological environment. Wang et al. [19] established the ecological sensitivity index model by taking advantage of the relationship between land use and salinization and assessed the sensitivity of the ecosystem to salinity in the area around Lake Aibi; Li et al. [20] did the same for an oasis, using the technology of remote sensing and geographical information system (RS/GIS); and Mamat et al. [21] combined multiple factors with the support of GIS and RS to assess the sensitivity of the Weigan-Kuche River delta oasis to soil salinity. However, research on the sensitivity of different ecosystems to soil salinization is limited, which is why the present paper chose to focus on those pockets of MRB that are affected by soil salinization. The study used GIS, RS, and the space model analysis method to calculate the sensitivity index of the sensitivity of different ecosystems to soil salinization and constructed a model of that sensitivity to analyse its spatial distribution to provide a reliable basis for managing regional ecological security and the ecological environment.
Material and Methods

Study Area
The study region (43°27′-45°21′ N, 85°01′-86°32′ E) is part of the MRB in northwestern China at the hinterland of the Eurasian continent and lies at the middle northern foot of the Tianshan Mountains and the south bank of Junggar basin, which originates from the snow-clad middle northern Tianshan Mountains [22] . The Manas River basin enjoys a temperate arid continental climate, with annual average temperature of 5-7ºC, annual precipitation of 110-200 mm, and annual potential evaporation of 1,500-2,000 mm. High evaporation and sharp differences between the day temperatures and night temperatures are characteristic features of this dry climate [23] . The river basin is a typical mountain basin system and includes all types of ecosystems.
Since ancient times, MRB has served as a pasture, and since the founding of the People's Republic of China, Xinjiang Production and Construction Corps (XPCC) Fig. 1 . Study area.
has been the main force in regional construction to house troops and to open up and develop the wasteland as an important production centre. Although XPCC's achievements have been impressive, they have led to a few serious problems, including overexploitation of water resources, which, in turn, has raised the groundwater level and caused extensive secondary salinization of soil, thereby threatening the regional ecological environment. The present study selected the area from the alluvial plain to Lake Manas, where salinization is a serious problem (Fig. 1 ).
Data and Processing
Images from the Landsat 8 operational land imager (OLI) were obtained from the United States Geological Survey (USGS). The surface reflectance in OLI has a resolution of 30 × 30 m in seven multispectral bands. The image, acquired for 10 Sept. 2015 (a nearly cloudfree day) covered the entire study area [24] . The image was subjected to geometric correction and radiometric correction [25] [26] , and spliced and cut as required to represent the chosen study area.
Classification of Ecosystems
Taking into account the spectrum characteristics of the data from RS images, combining regional climate and relief differentiation characteristics, and referring to the national land coverage classification system, the study area was divided into the following eight types of ecosystems by Class I [27] : forest, bush, grassland, wetland, farmland, urban, desert, and bare land. The classification uses eCognition, a software package, as the platform to carry out automatic classification and interpretation of images, supported by visual check, to obtain the results of classification [28] . Overall precision of more than 85% is guaranteed. The results are shown in Fig. 2 .
Classification of Saline Soils
A total of 324 locations (each representing a square measuring 25 m²) were selected for soil sampling. The samples were collected during June-September 2015. At each sampling location, salinity in the root zone (0-20 cm) was measured as electrical conductivity of the saturated soil extract using the saturated paste extraction method (U.S. Salinity Laboratory 1954) [30] . The experimental results and features of the sampled area were used for determining the features of soil salinity in images [31] . The salinity classification was based on the geographical system control theory [32] , which supervises the classification and combines the decision tree for classification. Combining the digital elevation model (DEM), normalized difference vegetation index (NDVI) [33] , and modified normalized difference water index (MNDWI) [34] , soil salinity was classified into four categories (Table 1) .
Constructing the Soil Salinization
Sensitivity Index
The index of sensitivity of different ecosystems to soil salinity was calculated as follows: (1) …where i is the type of ecosystem, j is the sensitivity level, n is the total number of ecosystems, ES i is the sensitivity index that the type i ecosystem corresponds to, A ij is the level j of salinization-sensitive area in type i ecosystem, A i is total area of type i ecosystem, and S ij is the weight of type i ecosystem compared to sensitivity level j.
The regional salinity levels were classified as nonsensitive, slightly sensitive, moderately sensitive, and highly sensitive and were given weights of 1, 3, 5, and Table 1 . Four categories of soil salinity and field observations for each, based on soil salinity classification and E C ranges [29] .
Category of soil salinity EC range (dS/m) Field observations Features extraction
Non-saline <2
No salt crust or cropland affected by soil salinity. Intensive agriculture and fruit production.
No water-logged areas found.
Slightly saline 2-4 Salt-tolerant species found to be healthy. Cultivated land under drip irrigation.
Moderately saline 4-8 Plant community dominated by natural salt-tolerant plants.
No cultivated areas; greater land reclamation activities.
Highly saline 8-16
Plant community dominated by natural salt-tolerant plants.
No cultivated areas; greater land reclamation activities. Large, bare saline areas and wetlands as a result of waterlogging and raised water table.
7, respectively, for normalization processing to get the vectors of the four weights for non-saline land, slightly saline land, moderately saline land, and highly saline land of 0.06, 0.19, 0.31, and 0.44, respectively. The soil salinization sensitivity index can determine only the sensitivity to salinization of different ecosystems or ecological types; it does not reflect the spatial extent of that sensitivity. To determine the spatial extent of the sensitivity, a sensitivity model, namely RES i , was constructed with the following formula: (2) …where RES i is the unit regional sensitivity, A i is the area (extent) of the unit-based ecosystem type I, TA is the unit's total area, and ES i is the salinization sensitivity index of ecosystem type i.
Spatial Analysis
Sensitivity to soil salinity can visually reflect the spatial heterogeneity of regional soil salinization sensitivity and reveal unstable areas with interference of salinization. The square unit division method was used for determining the size of every sampling lattice of 5 km × 5 km, with 855 lattices in total, and treats every lattice as a regional unit to calculate its sensitivity soil salinity. From ArcGIS 10.0 geostatistical module [12] , the Ordinary Kriging interpolation method was used for carrying out spatial interpolation of the 855 units in the area and then for obtaining the spatial distribution of the sensitivity in the study area [35] .
Results and Discussion
Results and Analysis of Remote Sensing Image Classification Table 2 and Fig. 2 clearly show the area and share (proportion) in the total area for each of the different ecosystems in the study and their current spatial distribution. The grassland ecosystem is mainly downstream of MRB; at 4,272.54 km² it accounts for 20.04% of the total area. The urban ecosystem consists of urban/rural residential and other built-up areas; at 661.96 km², it accounts for 3.10% of the total. The farmland ecosystem, at 7,725.13 km², accounts for 36.23%, and is found mainly in the midstream of the basin. The forest ecosystem on the banks of the Manas River and also occupying the urban forest belt and a protected forest, at 18.46 km², accounts for only 0.09% of the area. The bush ecosystem, at 1,861.80 km², accounts for 8.73% of the area and is mainly distributed in the oasis and the transitional area of the Gurbantunggut Desert. The desert ecosystem, mainly in the Gurbantunggut Desert at 6,415.72 km², accounts for 18.38% of the area and is distributed along the southern edge of MRB. Lastly, the wetland ecosystem at 366.51 km² accounts for 30.09% of the total area and forms the low-lying areas of the delta. Thus four ecosystems, namely farmland, forest, bush, and wetland, account for two-thirds of the total area, cover 14,244.44 km², and play an active role in the rehabilitation and protection of the regional ecological environment.
The spatial distribution of soil salinity in MRB is shown in Fig. 3 , and the statistics are given in Table 3 . The data currently available show that in recent years, the area under farmland in MRB has expanded greatly, groundwater has been over-extracted, and the allocation of water resources has been inequitable, aggravating the problem of soil salinity in MRB. Highly saline soil is distributed mainly in the desert around Lake Manas downstream of the study area in regimental farms Nos. 142, 144, 149, and 150, and covers 2,206.01 km², accounting for 10.35% of the total area. The moderately saline lands are distributed around the highly saline soils and midstream reservoirs. The two categories together cover 7,328.19 km², accounting for 34.38% of the total study area. The slightly saline lands are distributed mainly in the irrigated areas of the basin and in the transitional area between oasis and desert. At 1,829.40 km² they account for 8.58% of the total area; the corresponding figures for the non-saline lands are 12,160.07 km² and 57.04%. The highly saline and moderately saline soils have a large share but are confined mainly to the southern edge of the study area. The salinity is mainly due to the build-up of the surface layer of saline soil which, in turn, is due to Lake Manas being nearly dry. Therefore, constructing a transitional belt between the farmland ecosystem and the desert ecosystem is particularly important for protecting the farmland.
Overlaying and Analysis of Different Types of Saline Lands in Different Ecosystems
We used the spatial analysis module in ArcGIS ver. 10.0 for analysing the spatial distribution of soils that differed in their degrees of salinity in different ecosystems ( Fig. 3 and Table 4 ). Table 4 gives the exact area and proportion of soils salinized to different degrees in different ecosystems shown in Fig. 4 . In the grassland ecosystem, non-saline and moderately saline lands account for larger areas: 1,462.07 km² and 1,888.45 km² or 34.22% and 44.20%, respectively; in the bush ecosystem, non-saline land covers 1,462.43 km², accounting for 78.55%; in the desert ecosystem, non-saline land covers 3,009.56 km², accounting for 51.59%; moderately saline and highly saline lands cover 2,207.12 km², accounting for 34.46%; in the farmland ecosystem, slightly saline and non-saline lands account for 92.82%; in the forest and the wetland ecosystems, slightly saline lands occupy a larger proportion than that in other ecosystems. Thus, protected forests and farmlands that fringe the forests both contain lands that differ in salinity levels and can be potentially treated for ameliorating salinity, and ecological degradation of farmland and grassland is one of the main causes of the increase in bare lands. Such bare lands are prone to a build-up in salinity, and the ecosystems they support are seriously threatened as a consequence.
Calculating the Soil Salinization
The statistical and calculation functions in ArcGIS ver. 10.0 were used for calculating the area under all types of saline soils in different ecosystems, and Formula (1) was used for calculating sensitivity index LS i (Table 5 ) of different ecosystems. The sensitivity index of the different ecosystems was as follows: grassland, 0.24; urban, 0.20; bush, 0.11; desert, 0.22; farmland, 0.10; forest, 0.16; and wetland, 0.15. The urban ecosystem is highly sensitive because of the construction of salt fields in Lake Manas, which fall under the urban ecosystem as built-up lands; the farmland, desert, forest, and wetland ecosystems showed slightly different sensitivities to salinity -in descending order, the ranking was forest, wetland, desert, and farmland. Given the differing sensitivities, different strategies for dealing with ecological problems are required for different ecosystems.
With a grid consisting of 5 × 5 km units as lattices, the total area was divided into 855 unit lattices. To calculate the sensitivity of every lattice unit, the results from Formula (1) were used as inputs for Formula (2) and the Ordinary Kriging interpolation method in the ArcGIS geostatistical analyst module was used for arriving at the sensitivity index of the centre of each lattice by interpolating. The lattice units were grouped into five categories based on their sensitivity to salinity, namely non-sensitive, slightly sensitive, moderately sensitive, highly sensitive, and extremely sensitive. The spatial distribution of the five categories is shown in Fig. 5 and the exact area and proportion are given in Table 6 .
The extreme sensitivity category covered 2,011.04 km², accounting for 9.47% of the total area, and was mainly distributed around Lake Manas. With the lake practically dry, salinity continues to build up, making the ecological environment extremely sensitive and threatening regional ecology. The highly sensitive category covered 3,054.68 km², accounting for 14.39% of the total area, and was mainly distributed downstream of the basin and downwind of Lake Manas. The surface layer of salts is continually moved away by wind, changing the ecological environment. The moderately sensitive category covered 2,505.54 km², accounting for 11.80% of the total area, and was mainly distributed along the southern edge of Gurbantunggut Desert and the delta of the basin. The slightly sensitive category occurred mainly in Gurbantunggut Desert, serving as a shield to block the incursion of saline soils. Lastly, the non-sensitive category was mainly distributed in the midstream oasis region, covering a large area (8, 494 .98 km²), accounting for 40.01% of the total. The present study noted that since 2000, drip irrigation has been popularized, raising the ratio of water resources utilization; the area under farmland area has expanded steadily; and measures to counter salinity have improved markedly.
Conclusion
The different ecosystems showed a clear demarcation in their spatial distribution. Oasis, the main region for grain production in Xinjiang and an important landuse type or ecosystem in arid areas, covered the largest area within the farmland ecosystem. Lake Manas in the north, with its water resources nearly exhausted and its ecological functions curtailed severely, presents a striking instance of sensitivity to salinity. The bush ecosystem between the desert ecosystem and the farmland ecosystem is a strong shelter to protect the farmland ecosystem. Highly saline and moderately saline soils are distributed mainly around Lake Manas, whereas the slightly saline and nonsaline lands are found mainly in the agricultural region in the midstream.
In descending order of their sensitivity to salinity, the different ecosystems were grassland, desert, urban, forest, wetland, bush, and farmland. The index of the first three ecosystems was higher than the mean value of 0.19. The sensitivity of the farmland ecosystem, particularly important for grain production in the oasis, is a matter of serious concern, although at present the ecosystem is only weakly sensitive to salinity.
Spatial distribution of the sensitivity in MRB showed marked differences, with extremely sensitive and highly sensitive units distributed mainly around Lake Manas and in highly saline areas; the moderately sensitive units were distributed around the edges of the highly sensitive units; the slightly sensitive units, as the boundary between the non-sensitive and the moderately sensitive units, exerted a strong protective effect on the farmland ecosystem. From the south to the north, the non-sensitive, slightly sensitive, moderately sensitive, highly sensitive, and extremelysensitive sectors stretch one after the other, with clear spatial distinctions.
Considering the spatial distribution of sensitivity to soil salinity in MRB, ameliorative measures should focus on the highly sensitivity areas and should include modifying the pattern of production suitably and reducing the risk of land degradation due to salinization. The southern edge of Gurbantunggut Desert, as a shelter for the farmland ecosystem, should be restored with active measures to protect the ecological environment and prevent further ecological degradation.
The drying up of Lake Manas -almost to the point of disappearance -has led to large-scale and severe salinity, which, aided by wind erosion, keeps spreading to downwind areas. Therefore, appropriate measures should be taken to protect those areas and to maintain the surrounding ecological environment. Such measures include the cultivation of halophytic grasses to reduce wind erosion, planting shelter belts of forest trees around the farmland, using water more efficiently, and arresting the incursion of saline land into farmland. In irrigated areas within the oasis, water should be used scientifically and equitably, organic manures should be applied to improve the physical and chemical properties of soil, and secondary salinization should be prevented -these and related measures can ensure stable development and the ecological safety of the region.
